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The methods commonly used for the light
microscopic demonstration of Langerhans cells
are limited because quinone imine dyes and
osmium iodide stain melanocytes and, even
rarely, keratinocytes (1). Impregnation of the
tissue with gold salts has the disadvantage
of yielding capricious results (2). We now
know that Langerhans cells contain certain
hydrolytic enzymes and that such cells may
be visualized by enzyme histochemic tech-
nics (3—9). Langerhans cells in the guinea pig
contain nucleoside phosphatases and amino-
peptidase (6), and in particular the method
for adenosine triphosphatase (ATPase) has
permitted a simple, reproducible, and excellent
demonstration of these cells.
The melanocyte system of the guinea pig
has been carefully studied under various ex-
perimental conditions (10—13), and it appears
desirable to perform similar studies on Lan-
gerhans cells and their enzymatic behavior in
an effort to provide new data relative to
disputed problems of Langerhans cell-melano-
cyte relationship. A prerequisite for such an
experimental approach is a reliable method
for quantitation of the Langerhans cell popula-
tion in normal skin. The preparation of pure
epidermal sheets—a method routinely used
for the quantitative assessment of melanocytes
(14—16)--—-appears well suited for this purpose,
especially as it has been shown that non-
specific alkaline phosphatase survives such a
procedure (17). In the present paper we shall
describe the application of the histochemical
method for ATPasc to pure epidermal sheets
and report our results of quantitative evalua-
tions of Langerhans cells in the epidermis of
the guinea pig. The populations of Langer-
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hans cells and melanocytes were compared. Our
results present new figures on the Langerhans
cell-melanocyte ratio, results that point to a
new conception of the relationship of these
two cell types.
MATERIAL AND METHODS
Twenty-eight pure red and 15 so-called albino
male and female guinea pigs weighing 350 to 600
gm were used. After chemical depilation (Nair),
biopsy specimens were taken under ether anes-
thesia from the following regions of the body:
ears, lower abdominal wall, lower back, and plantar
surfaces. Ears and plantar skin were removed in
their entirety, whereas the trunk specimens had
surface dimensions of approximately 2 by 2 cm.
Vertical sections and epidermal sheets were pre-
pared from the tissues.
Verticol sections. Blocks of skin with surface
dimensions of 5 by 10 mm were fixed in 5% neu-
tral formalin at 0 to 4° C for 4 hours, and 15-ge
sections were cut on a cryostat. They were rinsed
briefly in distilled water, and half of them were
incubated free-floating for the demonstration of
nucleoside triphosphatase according to the method
of Wachstein and Meisel (18) for 1½ hours at
37° C. Adenosine triphosphate was used as sub-
strate, and the incubation medium consisted of
10 ml of 125 mg per 100 ml solution of ATP di-
sodium salt, 10 ml of 02 M (hydroxymethyl)
aminomethane maleate (tris-maleate) buffer pH
72, 2.5 ml of 0.1 M Mg504, 1.5 ml of 2%
Pb(NO,)2, and 1.0 ml of distilled water. The solu-
tion was filtered before use. After incubation, the
sections were rinsed in three changes of distilled
water for a total of 1 to 2 minutes and developed
in dilute ammonium sulfide for 5 minutes. They
were then transferred to distilled water for 30 to
60 minutes and mounted with glycerine jelly. The
other half of the sections were incubated in a
phosphate buffered 0.055 M solution of 3,4-di-
hydroxyphenylalanine (dopa) at pH 7.3 (19) from
4 to 6 hours at 37° C, dehydrated, cleared, and
mounted in Permount. Melanin was identified by
staining sections with silver nitrate.
Epidermol sheets. After removal of subcutane-
ous tissue, skin specimens that measured 1 by 2
cm were immersed in a solution of 2 N sodium
bromide (16) for 4 hours at room temperature.
They were then pinned to a wooden board with
the epidermal side up, and the epidermis was
carefully removed with a fine forceps. The dermis
was split from the epidermis without difficulty,
and pure epidermal sheets were obtained; these
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consisted of the entire thickness of the epithelium.
The epidermal sheets were washed in distilled
water for 5 minutes and fixed in 5% neutral
formalin at 0 to 4 C for 20 minutes. After an
additional rinse of 5 to 10 minutes in distilled
water, sheets were incubated for the demonstration
of nucleoside triphosphatase with adenosine tn-
phosphate as substrate (as described previously)
for 1½ hours at 37°C, rinsed in distilled water for
5 minutes, developed in dilute ammonium sulfide
for 5 to 10 minutes, rinsed in distilled water for
1 to 2 hours, and mounted with the dermal side
up in glycerine jelly. Half of the sheets were in-
cubated in the dopa medium for 6 hours, rinsed,
dehydrated, cleared, and mounted in Permount.
Cell evaluation. ATPase-positive and dopa-
positive dendritic cells were evaluated in regard
to their shape, size, and the intensity of the en-
zymatic reaction. In vertical sections, attention
was given to the intra-epidermal distribution of
ATPase- and dopa-positive cells, and in the epi-
dermal sheets, the respective cell populations were
assessed quantitatively. Cell counts were per-
formed with a reticle fitted into the eyepiece of
the microscope and an objective lens of 43X was
used. The size of the field outlined by the reticle
was calibrated, cells per field were counted in 10
to 20 randomly chosen fields, and cell populations
were expressed as average number of cells per
square millimeter of epidermis. Tests of signifi-
cance were carried out by analysis of variance on
the square roots of the observed counts.
RESULTS
or in the length and complexity of their
dendrites. Only in the epidermis of the
guinea pig paw did the processes appear
longer than in other areas, and because of the
architecture of the skin in this region, the
cells were located predominantly within the
rete ridges that were flanked by extremely
long and slender papillae. The size, appearance,
enzymatic reaction, and intra-epidermal dis-
tribution of these cells were identical in red
and so-called albino guinea pigs. These obser-
vations are in complete agreement with previ-
ous descriptions of ATPase-positive Langerhans
cells in guinea pig epidermis (5, 6).
Epidermal dopa-positive melanocytes were
only observed in the basal cell layer in the
various animals and regions studied. These
cells were most numerous in the epidermis of
the ears of red guinea pigs where they seemed
to line the entire dermo-epidermal junction
(Fig. 2B). Only a comparatively small num-
ber of dopa-positive cells were present in the
Vertical sections. ATPase activity was
found to be exclusively localized in the cell
membrane and cytoplasm of Langerhans cells
as epidermal cells failed to exhibit an en-
zymatic reaction (Fig. 1). Most of the
ATPase-positive cells were located in supra-
basal levels of the epidermis; their processes
extended far into the surrounding epithelium,
occasionally reaching the granular layer as
well as the junction between the dermis and
epidermis. They were distributed in a rather
dense pattern (Fig. 2A), but anastomoses be-
tween their branches were not observed.
These cells were numerous in the pilosebaeeous
canals (Fig. 3), but rarely were seen in the
basal cell layer (Fig. 2A). The ATPase-posi-
tive dendnitie cells did not contain melanin,
and serial sections treated with the dopa
technic revealed that the cells were dopa-
negative. The ATFase enzymatic reaction was
equally intense in all of the dendritie cells
observed, and no regional differences were seen
in their intra-epidermal distribution and size
Fm. 1. Langerhans cells in epidermis of albino
guinea pig ear. (ATPase; >< 750.)
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Fra. 2. Epidermis of ear of red guinea pig. A, Langerhans cells. There are few ATPase-
positive dendritic cells in basal layer (arrou's). (ATPase; X 190.) B, Dopa-positive melano-
cytes. The entire dermo-epidermal junction is lined by many of these cells. Compare with
the few basal ATPase-positive cells (arrows) of A. (Dopa; >< 190.)
Fm. 3. Langerhans cells in wall of pilosebaceous canal. There are no dendritic cells in
root sheath of lower follicle. (ATPase; X 190.)
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epidermal sheets yielded an excellent demon-
FIG. 4, Langerhans cells in epidermal sheet of
guinea pig epidermis. Note density and regulardistribution of this cell population. (ATPase;
X 215.)
stration of Langerhans cells and their den-
dritic processes (Fig. 4). In all animals and
regions examined, these cells showed a regular
distribution, contrasting the array of melano-
cytes that appeared more numerous at the
dermo-epidermal junction in the rete ridges.
The density of the Langerhans cell population
and the relatively constant cell counts ob-
tained in pigmented and albino guinea pigs
as well as in different regions of individual
animals were impressive (Table 1 and 2). Cell
counts were not obtained from epidermal
sheets of the guinea pig paw because the thick-
ness of the epithelium did not permit an ac-
curate quantitation of the cells.
TABLE I
Distribution of Lan gerhans cells and melenocytes in
various epidermal regions of red guinea pigs
Region and
animal no.
abdominal and dorsal epidermis of these ani-
mals, and their tyrosinase reaction appeared
less intense. No dopa-positive melanocytes
were seen in the skin of so-called albino guinea
pigs, except for occasional foci in the epider-
mis of the ears of some animals.
A comparison of the dopa-positive and the
occasional ATFase-positive cells in the basal
cell layer revealed that their numbers and
localization were not the same. Basal ATPase-
positive cells were always outnumbered by
dopa-pcsitive cells (Fig. 2). The numerical
difference was particularly striking in the
auricular epidermis of red guinea pigs. Only
in the ears of so-called albino guinea pigs
did the basal ATPase-positive cells sometimes
exceed the small number of dopa-positive
melanocytes, and in the dorsal and ventral
skin of these animals, the only rare basal
dendritic cells were ATPase-positive.
Epidermol sheets. The application of the
histochemical method for ATPase to isolated
Ear
745
746
747
748
749
750
Back
751
752
753
754
755
756
757
758
759
760
761
762
Abdomen
801
802
803
804
805
806
807
808
809
810
Sex
F
M
F
F
F
F
M
M
F
M
M
M
M
F
M
M
M
M
F
F
M
M
F
F
M
M
M
M
Langerhans
cells, no./mm
of epidermis
858
1,016
931
982
1,035
1,024
816
816
1,008
944
896
896
976
944
992
912
912
960
864
944
864
864
864
864
944
864
896
880
Melanocytes,
no/mm' of
epidermis
1,384
1,211
909
1,216
851
850
368
256
208
304
192
272
192
288
208
192
288
192
320
242
320
218
144
224
160
186
Not done
Not done
.
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The mean of the Langerhans cell population
was 930 cells per square millimeter in the
red guinea pig and 915 cells in the albino
animals; individual counts ranged from 816
to 1,035 and 782 to 1,020 cells, respectively
(Table 1 and 2). There were no statistically
significant differences in the Langerhans cell
population of red and so-called albino guinea
pigs or between the different regions ex-
amined. Langerhans cell counts were somewhat
higher in the epidermis of the ears than in
the back or abdomen, but these differences
were not significant.
In contrast to these findings, the population
of dopa-positive melanocytes showed the ex-
pected differences between red and albino
guinea pigs and was characterized by wide
variations of cell counts in individual ani-
mals as well as in different regions of individ-
ual guinea pigs (Table 1 and 2). The regional
differences of the melanocyte population of red
Several hydrolytic enzymes have been de-
scribed in Langerhans cells of different species
(3—9), and ATPase has been shown to charac-
terize this cell population in man, the rhesus
monkey, and the guinea pig (3—6, 8). His-
tochemical studies using different substrates,
inhibitors, and activators have disclosed the
presence of various nucleoside phosphatases
in Langerhans cells (20). Thus, the term
"ATPase" as used in this paper does not imply
that only "true" ATPase was visualized by
the histochemical method. Previous investiga-
tions and the present study leave no doubt
that the ATPase-positivc dendrocytes are in
fact Langerhans cells and that, at least in the
guinea pig epidermis, this enzymatic reaction
is confined to Langerhans cells and is not
found in melanocytes (6, 21). The small num-
ber of basal ATPase-positive dendritic cells
also are Langerhans cells, as it was impossible
to find any correlation between these cells and
TABLE II
Distribution of Langerhans cells and melanocytes in
various epidermal regions of so-called albino
guinea pigs
Region aod
animal no.
Ear
1
2
3
4
5
6
7
8
9
Back
10
11
12
13
14
15
Abdomen
10
11
12
13
14
15
Sex
F
F
M
F
M
M
F
M
M
M
F
F
F
M
M
M
F
F
F
M
M
Langerhans
cells, no./mm2
of epidermis
1,020
1,020
782
850
1,020
892
986
968
935
941
862
960
868
906
796
904
920
864
995
929
879
Melanoeytes, no/mm2
of epidermis
0
0
Occasional cell
408
136
0
Occasional cell
187
85
0
0
Occasional cell
0
0
0
0
0
0
0
0
0
guinea pigs were highly significant (P <
0.001) (Fig. SB and 6B). A comparison of
the density of Langerhans cells and melanocytes
in different regions of red guinea pigs
showed that Langerhans cells greatly outnum-
bered melanocytes in the regions of the trunk
(Fig. 5), whereas melanocytes exceeded Lan-
gerhans cells in the skin of the heavier pig-
mented ears (Fig. 6). A statistical evaluation
revealed significant differences between the
two cell populations in the abdominal and
dorsal skin (P < 0.001), whereas the dif-
ferences in the auricular epidermis were not
significant.
The constancy of the Langerhans cell popula-
tion and the variability of the total number
of melanocytes in different regions are con-
trasted in Figure 7. The ratio of Langerhans
cells to melanocytes is different in respective
regions of the body: In the abdomen and back
of red guinea pigs, the ratio is about 4 to 1,
whereas in the skin of the ear, this ratio is
approximately 1 to 1 (Fig. 7). In individual
animals, the ratio may even be reversed in
this region, and in one guinea pig (see Table
1, animal no. 745) melanocytes outnumbered
Langerhans cells by approximately 60%. There-
fore, the ratio of Langerhans cells to melano-
cytes is highly inconstant.
OJ5CUS5ION
Fic. 5. Epidermal sheets. Comparison of Langerhans cell and melanocyte populations
in epidermis of hack of red guinea pig. A, Langerhans cells. (ATPase; x 190.) B, Melano-
cytes. (Dopa; x 190.) Langerhans cells show a regular distribution and outnumber melano-
cytes.
Fic. 6. Epidermal sheets. Comparison of Langerhans cell and melanocyte populations
in epidermis of red guinea pig ear. A, Langerhans cells. (ATPase; X 190.) B, Melanocytes.
(Dopa; >< 205.) Melanocytes outnumber Langerhans cells in this region and, because of
their localization at the dermo-epidermal junction, accentuate the course of the rete ridges.
509
)44SV'
'p
M
l..
'. .3'
4
;e 4
-:. •i
"a
pi
S
510 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 7. Numerical relationship between Langer-
hans cells and mclanocytes in different regions of
red guinea pig skin. Note the constancy of Lan-
gcrhans cell population and regional variability
of melanocyte numbers. The ratio of Langerhans
cell to melanocytc is approximately 4:1 in the
trunk regions and 1:1 in the auricular epidermis.
dopa-positive melanocytes. Electron micro-
scopic studies have shown that Langerhans
cells exist in the basal cell layer (22—24), and
recent studies on the ultrastructural localiza-
tion of ATPase in guinea pig epidermis (21)
have provided the final evidence that, in
these animals, histochemically demonstrable
ATPasc is a unique property of Langerhans
cells.
Ferreira-Marques (25) studied gold-impreg-
nated human epidermis and counted approxi-
mately 670 Langerhans cells per square milli-
meter. This, however, represents only a rough
estimate as cell counts were done in vertical
sections only. Billingham and Medawar (26)
counted Langerhans cells in gold-impregnated
epidcrmal sheets, and their cell counts are
in good agreement with the results we ob-
tained by the enzymatic method. These au-
thors (26) and others (27) also noted that the
melanocyte population was roughly equal to
that of Langerhans cells. These estimates were
derived from studies of ears of the pigmented
guinea pig, and the resulting Langerhans cell-
to-melanocyte ratio of 1 to 1 was believed to
represent the numerical relationship between
Langerhans cells and melanocytes in general.
This ratio of 1 to 1 appears to have been
generally accepted (2) and has been used as
evidence in several theories (26, 28) on the
relationship between Langerhans cells and
melanocytes. The findings presented in this
paper clearly indicate that the estimates of
Billingham and Medawar (26) and of Fan
and associates (27) reflected a situation which
is encountered only in the particular animal
and region examined by these authors and that
the generalizations derived from these obser-
vations could not be confirmed.
The results of our study show that the
Langerhans cell population is highly constant
and that it does not differ among individual
regions or pigmentary strains. The same Lan-
gerhans cell counts have been obtained in pig-
mented and white areas of spotted guinea
pigs (29). On the contrary, there are wide
variations in the density of the population of
dopa-positive melanocytes, not only among
individual animals but especially among dif-
ferent regions. Our observations are in
complete agreement with previous regional
counts of guinea pig melanocytes (26, 30, 31).
Langerhans cells far outnumber melanoeytes in
regions of the trunk of red guinea pigs,
whereas melanocytes outnumber Langerhans
cells in the aurieular epidermis. This situa-
tion is reflected by the variable Langerhans
cell-melanocyte ratio which depends almost
exclusively on the fluctuations of the melano-
eyte population as Langerhans cells constitute
a constant component of the epidermis. Our
observations therefore suggest very strongly
that there is no constant numerical relation-
ship between the two cell populations.
It could be argued that with the dopa
technic only mclanoeytes with an active ty-
rosinase system are visualized and that, there-
fore, our melanocyte counts do not represent
the entire population of epidermal melano-
cytes. However, after prolonged ultraviolet
irradiation, which stimulates the tyrosinase
system of amelanotic melanocytes and thus
renders them visible, the number of melano-
cytes of the dorsal red guinea pig are well
below the total number of Langerhans cells
(32) or of unirradiated melanocytes of the
epidermis of the ear. In white areas of the
spotted guinea pig, the Langerhans cell
population shows the same density as in pig-
mented regions or in the fully pigmented
animal (29), whereas melanocytes are com-
pletely absent from depigmented areas (33).
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We believe our evidence for a constant
Langerhans cell population in the epidermis
raises new possibilities concerning the cell's ori-
gin, function, and significance. Breathnaeh
(28) hypothesized that Langerhans cells repre-
sent post divisional products of melanocytes
stating that ". .. individual melanoeytes (M)
divide into daughter cells which have the
appearance of Langerhans cells (L, L1). One
immediately ascends to a supra-basal level,
never engages in melanogenesis and is even-
tually exfoliated. The other remains in the
basal layer, becomes melanogenic for a period,
divides again and so the cycle is repeated."
This concept requires that there be a constant
ratio between Langerhans cells and melano-
cytes. That such a constant numerical rela-
tionship apparently does not exist argues
against a mother-daughter, melanocyte-Lan-
gerhans cell relationship. One could still postu-
late that, in different regions or in different
animals, not half but a variable amount of
such postdivisional Langerhans cells becomes
melanogenie. This could account for the dif-
ferences in the melanocyte population in dif-
ferent regions, but it appears unlikely since
Langerhans cell counts are identical in pig-
mented and albino guinea pigs as well as in
pigmented and white spots of spotted animals.
Langerhans cells would have to divide much
more often in pigmented skin in order to
maintain a constant number, and there is no
evidence for this.
The absence of a numerical relationship
between the two types of intra-epidermal
dendritie cells also mitigates against the con-
cept that Langerhans cells are involutional
and represent a stage between fully function-
ing melanocytes and truly "worn-out" cells
(24). Similarly, the numerical behavior of the
two cell populations is incompatible with the
concept of Langerhans cells as "effete" melano-
eytes (26), which has already been shown to
be unlikely because of the ultrastruetural and
enzymatic properties of Langerhans cells (2,
6,28).
There is doubt about the assumption that
Langerhans cells and melanocytes are directly
and intimately related and about the hypothe-
ses revolving around the problem of the inter-
convertibility of one cell type into another,
that is, whether Langerhans cells are derived
from melanocytes or melanoeytes from Langer-
hans cells. The constancy of the Langerhans
cell population, the variability of melanocytes,
and the complete lack of a numerical correla-
tion indicate that Langerhans cells and
melanocytes are independent of each other
and that they represent two distinct and
self-maintaining cell populations. A relation-
ship between the two cell lines still could
exist if one assumes that both cell types have
arisen from a common, nondifferentiated,
neuro-ectodermal cell population during em-
bryonic or possibly, postembryonic develop-
ment. In other words, if melanocytes and
Langerhans cells are related at all, such a
relationship could be found in their common
origin.
Granules typical of Langerhans cells have
been observed recently in cells of histiocytosis
X (34). These granules have so far been con-
sidered to be unique for the Langerhans cell,
and future investigations will have to show
whether this organelle is more ubiquitous than
has been assumed so far, or whether it is
characteristic for a special type of cell. If
the Langerhans granules are typical of his-
tiocytie cells, perhaps no specific develop-
mental relationship between Langerhans cells
and melanocytes could be supported.
The function of the Langerhans cell is still
obscure. Some authors consider the cell to be
neuroid in nature (3, 35, 36), but there is
no ultrastruetural and histoehemical evidence
sufficient to support this view at the present
time (2). However, Langerhans cells contain
various hydrolytic enzymes that are not
demonstrable in malpighian cells, and the
ultrastruetural localization of nucleoside tn-
phosphatase in the membrane of the Langer-
hans cell has been considered indicative of
transmembranous transfer mechanisms that
indicate intercellular interactions between
Langerhans cells and keratinoeytes (21). These
observations and the results of the present
study showing that Langerhans cells constitute
a numerous and extremely constant component
of the epidermis may indicate that this
dendritic cell is functionally related to the
epidermal cell population. In analogy to the
concept of the epidermal melanin unit (37),
a similar functional association may be pres-
ent between a Langerhans cell and a surround-
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ing clone of keratinocytes—the epidermal
Langerhans cell unit.
SUMMARY
A new method for the quantitative assess-
ment of Langerhans cells has been presented.
This procedure is based on the ATPase re-
activity of these cells and their demonstration
in isolated epidermal sheets with an appropri-
ate enzyme histochemical technic. The popula-
tions of Langerhans cells and melanocytes of
guinea pig epidermis have been assessed quan-
titatively in different regions of pigmented
and so-called albino guinea pigs and the
findings have been compared. Langerhans cells
constitute a highly constant cell population
of the epidermis, whereas melanocytes show
marked variations in the density of their
regional distribution. The ratio of Langerhans
cell to melanocyte, therefore, is variable, in-
dicating the absence of a constant numerical
relationship between the two cell types. These
findings do not support the current concepts
of the Langerhans cell-to-melanocyte relation-
ship and indicate that Langerhans cells and
melanocytes represent two distinct and in-
dependent cell lines.
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